In the present study, we covalently coupled folic acid (FA) and 5-fluorouracil acetic acid (FUA) on the surface of quantum dots (QDs) to produce a tumor targeting drug delivery system, FA-QDs-FUA. The QDs not only act as hepatocellular carcinoma (HCC)-targeted delivery vehicles, but also play a key role in imaging. The structural and optical properties of as-prepared FA-QDs-FUA were characterized using UV-visible spectra, fluorescence spectra, infrared spectra, particle size and zeta potential. In vitro hemolysis activity, cytotoxicity and targeting specificity of the FA-QDs-FUA system were also evaluated. The in vivo antitumor efficacy of FA-QDs-FUA in tumor-bearing mice was investigated. The average particle size and zeta potential of FA-QDs-FUA was 220.28 nm and À13.3 mV, respectively. The drug-loading content of 
Introduction
Hepatocellular carcinoma (HCC) is the h most common cancer and the third most cause of cancer-related death in men, with an increasing incidence worldwide.
1,2 A number of therapeutic approaches for the treatment of HCC, which include liver resection, liver transplantation, transarterial chemoembolization, selective intra-arterial radiotherapy, chemotherapy, and immunotherapy, have become available.
1-3
However, allocation of the available treatment options is inu-enced not only by HCC stage but also by the degree of liver dysfunction. 3 The majority of HCC cases are rstly diagnosed in the intermediate or advanced stage when chemotherapy is oen considered a suitable option.
2,3
5-Fluorouracil (5-FU), which interferes with nucleic acid synthesis by blocking the production of pyrimidine nucleotide dTMP from dUMP in de novo DNA synthesis, is widely used in chemotherapy for the treatment of many types of cancer such as liver cancer, breast cancer, colon cancer, gastric cancer, etc.
4-6
However, its practical applications and clinical therapeutic effectiveness are hampered by its wide side effects such as myelosuppression, gastrointestinal toxicity, hematologic disturbance, and severe bone marrow deciency. 7 Herein, the search for an effective therapeutic strategy for cancer treatment is ongoing in order to reduce toxicity and side effects of the antineoplastic agent 5-FU in normal tissues.
Specic modication on the surface of drug carriers with paired ligands or antibodies could enhance the tumor targeting delivery and the better treatment outcome through active targeting by binding to the receptors specic over-expressed on tumor-cell surfaces. [8] [9] [10] Studies have shown that drug vehicles modied with specic ligands including lactobionic acid or lactose, 10 pullulan, 11 peptide 12 and glycyrrhetinic acid 13 effectively target drugs to liver cancer cells via different receptorsmediated. It is well known that folate receptor (FR) was highly expressed on the surface of a spectrum of malignant tissue and cells, [14] [15] [16] which provides unique opportunity to specically target cancer cells by virtue of its high affinity for folic acid (FA) and folate analogs. Until now, FR targeting has been frequently exploited for a spectrum of solid tumor therapies, such as liver cancer, 17 oral epidermoid carcinoma, 18 cervical cancer, 19 colorectal cancer, 20 neuroblastoma, 21 breast cancer, 22 etc. In the current study, FA had been exploited for target therapies geared toward over-expressed folate receptors on liver cancer cells. During the past several decades, various types of nanovehicles, including albumin nanoparticles, 4 polymer nanoparticle, 5, 6 lipid nanoparticles, 23 dendrimer, 24 inorganic nanocarriers, 18, [25] [26] [27] have shown great promise in the delivery of anti-cancer drugs. Quantum dots (QDs), an alternative luminescent inorganic nanomaterial with rich surface chemistry and unique optical properties, have already been widely used in a number of biomedical studies. [27] [28] [29] However, non-specic internalization and the toxicity of QDs may limit some in vivo biomedical applications.
30,31
Poly (ethylene glycol) (PEG) dramatically suppresses the nonspecic interactions as well as provides additional degrees of freedom for the drug derivative to interact with its cellular target.
30 And QDs modied with a variety of targeting ligands can selectively deliver therapeutic drugs into tumor sites and improve their bioavailability and safety. 6, 32, 33 Herein, the terminus of the PEG chain is designed with a chemical functionality to facilitate attachment to the QDs surface in order to reduce the nonspecic interactions of QDs in our work.
This study aims to enhance the tumor targeting ability of 5-FU and further improve their therapeutic efficacy against tumors. To achieve this goal, FA-modied amino-surface functionalized QDs with PEG linker chains (FA-PEG-QDs) was synthesized and then was used together with FUA to prepare FAmediated drug delivery systems (FA-QDs-FUA). The in vitro characterization, cytotoxicity, drug release prole, targeting specicity, and in vivo anti-tumor efficacy of the resulting system FA-QDs-FUA were discussed in detail.
Material and methods

Reagents and materials
Water-soluble amino-PEG-modied ZnCdSe/ZnS quantum dots(NH 2 -PEG-QDs) were supplied by Wuhan jiyuan quantum dot co. LTD. Boronic acid, sodium tetraborate, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC), Nhydroxysuccinimide (NHS) dimethyl sulfoxide (DMSO) and 5-uorouracil (5-FU) were obtained from Sigma-Aldrich (St Louis, MO, USA). Dulbecco's Modied Eagle's Medium (DMEM), penicillin, streptomycin and fetal bovine serum (FBS) were purchased from Gibco (Grand Island, NY, USA). All other reagents were of analytical grade and used as received. Deionized water from a Milli-Q device (18.2 MU; Millipore, Molsheim, France) was used throughout this study. The normal hepatocyte line L02, the human hepatocellular carcinoma cell line HepG2 and SMMC-7721 were obtained from the Shanghai cell bank of Chinese Academy of Science (Shanghai, China). Balb/c Nod/Scid mice were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. Sprague-Dawley (SD) rats were supplied by Laboratory Animal Center, University of South China, China. All animals were kept in a pathogen-free environment and fed ad lib. All animal procedures were strictly performed in accordance with the National Institutes of Health Guidelines for the Care and Use of Laboratory Animals (NIH Publication No. 85-23 Rev. 1985) and was approved by the Animal Use and Protection Committee of the University of South China (Hengyang, China).
Preparation of FA-QDs-FUA 5-uorouracil acetic acid (FUA) was prepared according to our previous publication. 34 The puried FUA (0.752 mg, 4 mmol) and FA (0.18 mg, 0.4 mmol) were activated in the presence of 40 mM EDC and 20 mM NHS for 30 min, respectively. Then, the resulting activated FA were added in the NH 2 -PEG-QDs (40 nM) solution dropwise at a molar ratio of 10 : 1 (FA : PEG-QDs) in 20 mM boric acid buffer (pH 8.4) for 2 h at 37 C. The FA-QDs conjugates were obtained by FA covalently linked onto the amino-surface functionalized QDs. Next step, the activated FUA were added into above reactants (FA-PEG-QDs) at a molar ratio of 100 : 1 (FUA : FA-PEG-QDs) in 20 mM boric acid buffer (pH 8.4) for 2 h at 37 C. Finally, the nal reactants FA-QDs-FUA system was puried by ultraltration (100 KDa, 12000 rpm, 15 min) using amicon ultra-4 centrifugal lter devices.
Characterization of FA-QDs-FUA
The UV-vis spectra of the FA-QDs-FUA solutions were scanned within the wavelength range of 200-500 nm at 25 C and automatically corrected for the solutions, using a Shimadzu UV-1750 spectrophotometer (Shimadzu Instruments Corporation, Japan). The uorescence spectra were recorded at an emission of 607 nm and the slit width of 5 nm using an F-7000 uores-cence spectrophotometer (Shimadzu Instruments Corporation, Japan). The conjugation of FUA to the FA-PEG-QDs matrix was conrmed using a Perkin-Elmer FT-IR spectrometer (Perkin Elmer Co., UK). The FA-QDs-FUA solutions were freeze-dried. And the dried samples were ground with KBr powder and compressed into pellets. The pellets were scanned from 4000 to 550 cm
À1
. The surface morphology of the FA-QDs-FUA was observed using scanning electron microscopy (SEM) (SU8010, Hitachi, Tokyo, Japan). Before observed the SEM, the sample was sputter-coated with gold. Particle size and zeta potential of FA-QDs-FUA was determined at 25 C using Nano ZS90 Zeta sizer (Malvern Instruments Ltd, Malvern, UK). The concentration of drug from FA-QDs-FUA was determined in triplicate by a Shimadzu UV-1750 ultraviolet-visible spectrophotometer at 273 nm. The drug-loading content (%) was calculated as eqn (1):
Drug loading content% ¼ weight of the drug in the nanosystem weight of the nanosystem Â 100%
(1)
In vitro drug release studies of FA-QDs-FUA
The in vitro drug release experiment was carried out using a simple dialysis membrane method. Briey, 3 mL of FA-QDs-FUA was dialyzed against a 20 mM Tris buffer with pH 5.0, pH 6.8 and pH 7.4 and transferred into a dialysis bag (MWCO, 8000-14 000, Millipore, Boston, USA) at 37 C under agitation using water bath, respectively. At the predetermined time interval (0.5, 1, 2, 4, 6, 8, 12, 24 h and thereby aer every 24 h up to 144 h), about 3 mL releasing medium was collected and the amount of 5-FU in the releasing medium was determined spectrophotometrically by absorbance measurement at 273 nm. From the standard calibration curve obtained for 5-FU, the cumulative amount of 5-FU that got released from the FA-QDs-FUA composite was calculated using the eqn (2). 35 At each subsequent time interval, an equivalent amount of the sample medium was replaced with fresh varying pH Tris solution so as to maintain the total volume to be same for all the measurements.
Cumulative releaseð%Þ
where V 0 is the volume of Tris medium at the time t, V is the volume of sampling Tris medium taken out at each interval, C t is the concentration of 5-FU in Tris medium at time t, C is the concentration of 5-FU in the sampling Tris solution, W is the amount of FA-QDs-FUA, X is the drug loading of FA-QDs-FUA system.
Hemolysis toxicity test of FA-QDs-FUA
To investigate the hemolytic toxicity of FA-QDs-FUA, six New Zealand white rabbits (half male and half female) were randomly selected. Five milliliter blood was drawn from their auricular vein and 0.2 mL anticoagulant was then added. The mixture was washed in PBS followed by centrifuge (800 rpm) to concentrate the red blood cells. This process was repeated several times until the supernatant was no longer red. A 2% red blood cell suspension was prepared by PBS dilution. All samples were stored at 4 C until analysis. 0.5 mL FA-QDs-FUA and free 5-FU at different concentrations were mixed with 0.5 mL of the red blood cell suspension, respectively. The mixtures were incubated at 37 C in a water bath for 3 h and centrifuged at 3000 rpm for 10 min. Aerwards, 100 mL of the supernatant of each sample was loaded into a 96-well plate. Optical density was measured by the absorbance at 540 nm on a microplate reader (Labsystems Multiskan, Bio-chromatic Labsystem, Osaka, Japan). Isotonic PBS solution and distilled water were used as negative and positive controls, respectively. The hemolysis ratio of red blood cells was calculated with the following equation:
In vitro cell viability and proliferation assay replaced with 150 mL of DMSO for 15 min until crystals were dissolved. MTT quantication was measured at 540 nm using a Synergy HT Multi Mode microplate reader (Biotek Instruments Ltd, USA). The percentage cell viability was then calculated with respect to the control and the values were taken as mean AE SD of three replicate experiments.
In vitro targeting specicity
In vitro targeting efficacy of FA-QDs-FUA was carried out uo-rescent imaging using Olympus inverted uorescent microscope and Image J image analysis soware to calculate uorescence intensity. The cells were plated on 6-well culture plates at a density of 2 Â 10 5 cells per mL for live cell imaging.
Aer 24 h of incubation at 37 C and 5.0% CO 2 , the cells were washed with PBS and fresh serum-free media containing FA-PEG-QDs at 40 nM. The nanoparticle was incubated with the cells for 2 h. Aer that, the cells were xed by 4% paraformaldehyde for 15 minutes. Then, the nuclei were stained with 4 0 ,6-diamidino-2-phenylindole (DAPI) for 5 min. The samples were viewed with a 20Â objective lens and 10Â ocular lenses and the exposure times for each lter were kept constant for each image series.
In vivo toxicity test of FA-QDs-FUA in healthy rats
For toxicity evaluation of FA-QDs-FUA on the liver, kidney and heart of healthy mice, 24 male SD rats weighing 180-200 g were distributed randomly into 3 groups of 8 rats each and were injected with the respective samples via intra peritoneal (i.p.) route for 4 consecutive days based on the following groupings: Group 1, control group (normal saline of 10 mL kg À1 body weight); Group 2, free 5-FU (9.6 mg kg À1 ); Group 3, FA-QDs-FUA (26 mg kg À1 body weigh, equivalent to 9.6 mg kg À1 of 5-FU), respectively. On the day aer the last treatment, the blood of each rat was collected by cardiac puncture into a coagulationpromoting tube. And then, the blood was centrifuged at 4000 rpm for 10 min to obtain plasma for serum biochemistry proling. The serum was then analysed for aspartate aminotransferase(AST), alanine aminotransferase (ALT), and blood urea nitrogen (BUN), creatinine (Cr), creatine kinase (CK), creatine kinase-MB (CK-MB) and lactate dehydrogenase (LDH) by using automatic analyzer 7600 series(Hitachi, Japan).
In vivo antineoplastic efficacy and toxicity study in tumorbearing mice
To further corroborate the antineoplastic efficacy of FA-QDs-FUA in vivo, we selected Balb/c Nod/Scid mice half males and half females imprinting control region mice (aged 5-6 weeks, weighing 18-20 g) to test. All animals were kept in a pathogenfree environment and fed ad lib. To further evaluate the in vivo anticancer activity and toxicity of FA-QDs-FUA, the tumor, liver and kidney from each group mice (normal saline group, free 5-FU and high dose FA-QDs-FUA group) were collected for cytological and histopathological analysis aer treatment. In brief, the excised tumor, liver and kidney samples randomly were rinsed several times in ice-cold normal saline, then xed in 4% paraformaldehyde and embedded in paraffin. Paraffin embedded specimen were cut into 5 mm sections and stained with haematoxylin/eosin (H&E). All H&E stained tissue slices were taken photos using Olympus inverted microscope.
In vivo biodistribution assays
The quantitative information of the drug or drug carrier which accumulated in the tumor and the animal is pivotal for evaluation on the antitumor efficacy of the drug delivery system. In order to evaluate quantitatively the tissue distribution of the FAQDs-FUA in vivo, the graphite furnace atomic absorption spectroscopy (GFAAS) equipped with a 228.8 nm cadmium(Cd) hollow cathode lamp (A3, Puxi, Beijing, China) was used to determine the content of Cd derived from drug carriers (ZnCdSe/ZnS QDs) which accumulated in the tumor and the organs of the tumorbearing mice. The reference conditions for the atomic absorption spectrophotometer as these: wavelength was 228.8 nm, drying temperature was 105 C, ashing temperature was 500 C, ashing time was 30 s, and atomization temperature was 1900 C.
A series of standard solutions containing 0 ng mL The tumor-bearing mice were sacriced aer they were injected with saline (10 mL kg À1 ) or FA-QDs-FUA (12.8 mg kg À1 )
4 times per week for 3 consecutive weeks. And the tumor, hearts, livers, and kidneys of the tumor-bearing mice were subsequently dissected. The dissected tissue samples of 500 mg each were accurately weighed in the digestion container, followed by the addition of 5 mL nitric acid-perchloric acid mixed solution (the ratio was 9 : 1) and several glass beads. The samples were digested on an electric plate until the digested solution is colorless and transparent or slightly yellow. Aer cooling, the digested solution was transferred into a 10 mL volumetric ask and adjusted to 10 mL with 1% nitric acid solution. The samples were ltered through a 0.45 mm membrane lter before detection by GFAAS.
Statistical analysis
All the values are expressed as mean value AE SD of at least three independent experiments. Statistical analysis was performed using the one-way ANOVA with Dunnet's test, Bonferroni t test, and Student's t-tests. P < 0.05 was the criterion for statistical signicance (* for p < 0.05, ** for p < 0.01, *** for p < 0.001).
Results and discussion
Preparation of FA-QDs-FUA system
The fabrication of the FA-QDs-FUA for targeting delivery therapeutic drugs into tumor cell was carried out using an amine coupling method through EDC/NHS, as is shown in Scheme 1. It is important to note that the addition of EDC and NHS to folic acid forms a highly reactive intermediate (FA-NHS), which can subsequently react with the free amino group present in PEGQDs to form the resulting FA-PEG-QDs. In the design, waterdispersed QDs were selected as substrates for FUA conjugation. Folic acid is essential for cell growth, proliferation, and survival, 36 and sufficient folic acid can also promote tumor cell growth. Herein, the content of folic acid in the drug delivery system is controlled within 10% in present study, which the 10% or less folic acid in drug delivery systems can target delivery drugs into tumor sites. 36 The synthesis conditions of the FA-QDs-FUA system were systematically optimized and the reaction time of 2 h, the reaction temperature of 37 C and the optimal proportion of FA : PEG-QDs : FUA ¼ 10 : 1 : 100 was ultimately determined.
Characterization of the FA-QDs-FUA
The optical properties, morphology, average size and drug loading content of as-synthesized FA-QDs-FUA composite have been characterized carefully in this paper. As shown in Fig. 1A , the absorption peak (281 nm) of the FA-QDs-FUA suspensions show a slight red shi compared with that of the FUA (273 nm), which could be attributable to their different particle sizes. The uores-cence properties of FA-QDs-FUA (Fig. 1B) did not show signicant changes compared with free PEG-QDs, demonstrating that the conjugation process did not change the uorescence characteristics of the QDs. The FTIR spectra of FA, FUA and FA-QDs-FUA were depicted in Fig. 1C , respectively. This proved that FA was successfully coupled to the PEG-QDs through chemical bonds. The peak at 3349 cm À1 for FA-QDs-FUA noted that the stretching vibration of N-H. The characteristic absorption band of FA-QDs-FUA was present at 987 cm À1 (-CF]CH-stretch) in the spectrum; this proved that FUA was coupled to the FA-PEG-QDs through chemical bonds. Fig. 1D showed that the prepared FA-QDs-FUA was almost homogeneously spherical-shaped and the diameter of the particles was about 200 nm, which was consistent with the diameters measured by zeta sizer nanoparticle analyzer. Fig. 1E showed the size distribution of the system dispersed in water at room temperature. The nally prepared FA-QDs-FUA displayed a good distribution, and the average particle size was about 220.28 nm with PDI of 0.49 AE 0.008. Drug-loading content of FA-QDs-FUA, by ultraviolet analyses, was found to be 36.85% AE 1.61% (n ¼ 3). Aer 72 h, the release reached a plateau, with a cumulative release percentage of >80% at 144 h. As depicted in the release prole, a biphasic drug release pattern with an initial burst release and followed by sustained release were presumably attributed to the system matrix imparting a barrier to drug release. Compared with pH 5.0, the drug release was considerably faster at pH 7.4, which indicates a good stability of FA-QDs-FUA under acidic conditions. The acidic intracellular environment of most cancer cells will facilitate the sustained and slow release of FA-QDs-FUA.
Hemolytic toxicity test of FA-QDs-FUA
Interaction of system with erythrocytes can lead to adverse reactions and percentage of hemolysis from 1 to 25% is accepted as "no concern" in vitro. 37 As depicted in Fig. 3 , the percent hemolysis ratio increased with increasing concentration and was below 7% even at the high concentration (1000 mg mL À1 ) of FA-QDs-FUA system, which showed very little hemolysis and were considered safe for intravenous administration.
In vitro cell viability and proliferation assay QDs at the same concentration. Folic acid is essential for the biosynthesis of nucleotide bases and it is consumed in elevated quantities by proliferating cells. 38 We speculate that the reason FA-PEG-QDs were less cytotoxic compared to ZnCdSe/ZnS QDs is that FA can promote cell growth and FA bound to the surface of the ZnCdSe/ZnS QDs, which can also reduce the leakage of Cd. Herein, the optimal concentration of 40 nM for PEG-QDs was chosen in the subsequent experiment.
As shown in Fig. 5 , the cell viability percent of FA-QDs-FUA on the three liver cells (L02, HepG2, SMMC-7721) were greater than that of free 5-FU on the three cells. The results showed that the FA-QDs-FUA produced lower cytotoxicity compared with the free 5-FU of the three liver cells. However, the cell viability percent of free 5-FU and FA-QDs-FUA reduced gradually and the difference in the cell viability between free 5-FU and FA-QDs-FUA became smaller and smaller as the spiked free 5-FU and FA-QDs-FUA concentration and incubation time increased. As shown in Table 1 , the cell viability percent of the L02 cells were greater than that of the SMMC-7721 and HepG2 incubated with 100 mL medium containing 3.84 mM FA-QDs-FUA. And the signicant difference (p < 0.05) in cell viability was observed between the L02 cells and SMMC-7721 cells incubated with the same concentration FA-QDs-FUA. Based on the above experimental results, we can conclude that there was a difference in viability between non-cancerous L02 cells and the hepatocarcinoma-derived cells (HepG2 and SMMC-7721).
In vitro targeting specicity FA-PEG-QDs were used to investigate the targeting specicity in L02, HepG2, and SMMC-7721 cells for 2 h at 37 C. As shown in Fig. 6A , the strongest red uorescent signals derived from QDs were observed on SMMC-7721 cells and there was no red uorescent signal on normal liver cells (L02) under the same experimental conditions. Furthermore, it can be observed from Fig. 6B that the uorescence intensity in the SMMC-7721 cells (155.66 AE 7.06) and HepG2 cells (41.58 AE 3.19) was higher than that of L02 cells (0.001 AE 0.0) incubated with FA-PEG-QDs for 2 h and there was a highly signicant difference (p < 0.001) in uorescence intensity between L02 cells and the hepatocarcinoma cells (HepG2 and SMMC-7721), conrming that FA-PEG-QDs can target more easily cancer cells than normal cells. This could be attributed to the difference in expression levels of FR between cancer cell and normal cell, which was consistent with the results that SMMC-7721 cell has shown a remarkable affinity toward FA-modied nanoscale vectors as reported in the literature.
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The results further indicated that the FA-PEG-QDs could be used as effective carriers targeted liver cancer cells.
In vivo toxicity test of FA-QDs-FUA in healthy rats
In general, the levels of ALT, AST and AST/ALT enzyme activity are widely used as indicators for monitoring the hepatocellular related injury or necrosis. 39 As is well-known, the values (BUN and Cr) are related to kidney, and the parameters (CK-MB, CK and LDH) are connected with heart. Hence, we measured the levels of ALT, AST, BUN, Cr, CK-MB, CK and LDH following the treatment of 5-FU and FA-QDs-FUA. As shown in Fig. 7 In vivo antineoplastic efficacy and toxicity study in tumorbearing mice From the results, the relative reduction in the tumor weight of three different doses of FA-QDs-FUA treated groups compared to the groups injected with the free 5-FU could be ascribed to the FA-FRs mediation, localizing the 5-FU conjugate through cellular uptake largely towards the FRs expressing liver cancer cells. These results further demonstrated that the drug delivery vehicles FA-QDs-FUA increases the drug bioavailability and retention time and also supports the targeting efficiency when compared to the pure/conventional drug administration. The excised tumor, liver and kidney from the mice randomly selected from each experimental group at the endpoint (day 23) stained by H&E were shown in Fig. 9 . As depicted in the Fig. 9 , the tumor treated with normal saline (control groups) showed large number of live cancer cells with low differentiated with high nuclear-cytoplasmic ratio, which implies escalation in the growth of tumor cells. And tumor treated with 5-FU and FA-QDs-FUA have caused noticeable signicant morphological changes compared to the saline group. And a remarkable rise in necrotic area of tumor in the mice that were injected with FA-QDs-FUA compared to free 5-FU groups indicated better interstitial diffusion within the tumor conrming its superior efficacy. The liver treated with normal saline showed hepatocytes were closely packed. And treatments with FA-QDs-FUA for 23 days have not caused any signicant morphological changes in liver compared to the saline group. However treatments with the free 5-FU group showed a lot of lipid droplets, indicating that the liver has lipid-like lesions (as indicated by the arrow). The kidney treated with normal saline showed the glomerular cavities in the kidney were prominent and the glomerular cyst was visible in the FA-QDs-FUA group and was not signicantly different from that in the control group (as indicated by the arrow). However, the free 5-FU group showed that glomerular adhesions (as indicated by the arrow). This showed that the FAQDs-FUA has less damage in the kidney than the free 5-FU group.
In vivo distribution assays
The regression equation of Cd was A ¼ 0.0172 Â C + 0.0561 (R 2 ¼ 0.996) with calculated detection limit of 0.16 ng mL
À1
. The content of Cd derived from QDs which accumulated in various tissues aer tail vein injection saline or FA-QDs-FUA is presented in Fig. 10 . The highest Cd content was found in the liver and it was 48.55 AE 1.23 mg kg
. The second highest Cd content was accumulated in the tumor and it was 48.26 AE 0.82 mg kg
. The value in lung was 0.66 AE 0.04 mg kg
. Cd was even not detected in heart, spleen and kidney, indicating that Cd has no accumulation in heart, spleen and kidney and it did not damage these organs of mice in the treatment duration. The experimental results suggested that the FA-QDs-FUA system has accumulated mainly in the liver and tumor and it was good for targeted therapy of liver cancer. This could be attributed to two main possible reasons. One possible explanation is that there are highly expressed FRs on the surface of liver cancer cells which provides unique opportunity to specically target liver cancer cells by virtue of the high affinity of FRs for FAQDs-FUA system. The other is that most administered nanoparticles will accumulate and sequester in the liver aer administration into the body.
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Conclusion
In this study, we prepared 5-FU-loaded FA-PEG-QDs based system for theranostics applications of liver cancer cell diagnosis and treatment by following a simple wet chemistry method. FA-PEG-QDs system exhibited a satisfactory loading capacity. In comparison to free 5-FU, the FA-PEG-QDs showed a lower cytotoxicity in L02 cells in vitro following MTT assay. FA-PEG-QDs not only targeted more easily hepatocellular carcinoma (SMMC-7721 and HepG2) cells than normal cells in vitro but also have accumulated mainly in the liver and tumor in vivo.
In conclusion, the formed FA-PEG-QDs in comparison to the free 5-FU drug were observed to exert reduced toxic side effects and better anti-tumor efficacy. From the outcome of this study, we expect that the targeted drug delivery using functionalized folate-decorated QDs system could support targeted delivery of therapeutics agents in hepatocellular carcinoma therapy.
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